Recently, elevated dioxin levels, over 5 parts per trillion (ppt) 2, 3, 7, ( J Occup Environ Med. 2003;45:781-788) 
A gent Orange, a phenoxyherbicide mixture of 50% 2,4-dichlorophenoxyacetic acid (2,4-D) and 50% 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), was used during the Vietnam war by the U.S. military to defoliate jungles where enemy troops could hide and to destroy food crops. The herbicide was contaminated by the most toxic of the chlorinated dioxins, 2,3,7,8-tetrachlorodibenzo-p-dioxin (2, 3, 7, . A substantial leak of over 5000 gallons of Agent Orange occurred underground at the Bien Hoa air base approximately 30 years before our sampling. Agent Orange spray records of the Air Force fixedwing aircraft "Ranch Hand" group indicates that 42.6 million liters of Agent Orange out of 72.35 million liters of herbicide used was sprayed over 15% of the south of Vietnam in certain locations. Army helicopter, backpack, and naval spraying records are not readily available to help estimate the location and amounts of additional spraying 1, 2 Markedly elevated TCDD levels were found during the 1970s in some Vietnamese nursing mothers' milk and also fish from areas heavily sprayed with Agent Orange. TCDD levels were as high as 1850 parts per trillion (ppt) lipid in nursing mothers' milk and 810 ppt wet weight in fish. 3, 4 Analyses performed during the 1980s and 1990s of over 2200 Vietnamese human tissue and blood, as well as a few wildlife samples for TCDD and other dioxins found several geographic locations where TCDD, but not other dioxins, was elevated. [5] [6] [7] [8] However, elevation of other organochlorines in some Vietnamese people was also noted. 7, 9 The pattern of TCDD elevation is characteristic of dioxin exposure from Agent Orange. Other findings showed elevated TCDD in a turtle and a snake, and other food sometimes showed elevation of TCDD, in pork fat, fish, and chicken. 5 Bien Hoa City, a dioxin "hot spot," as contaminated areas have sometimes been referred to because of their high dioxin levels, is located approximately 32 km north of Ho Chi Minh City, formerly Saigon. During the past 5 years, some residents of Bien Hoa City were extensively tested for blood dioxin levels 15, 16 Approximately 95% of blood samples taken from 43 selected persons were found to have elevated TCDD levels, above 5 ppt. These levels are greater than TCDD levels of less than 2 ppt reported in 3 individual samples and one pooled sample (n ϭ 100) from North Vietnam. After the spraying of Agent Orange ended in 1971, the highest blood TCDD level found in Vietnam was 413 ppt, which was recently measured in a Vietnamese person living in Bien Hoa City. Children born after the spraying of Agent Orange ended, including 4 born during the 1980s, and those who recently moved to Bien Hoa, also had elevated TCDD levels. Some soil samples had elevated TCDD, including the highest measured to date in Vietnam of over 1 million ppt dry weight, but the majority of soil samples from Bien Hoa and elsewhere had TCDD below detection limits. In the vicinity of Bien Hoa City, soil and sediment samples from the Bien Hung Lake showed areas with elevated TCDD, while other samples from the same body of water and other nearby areas, including lakes and rivers, did not. 15 The purpose of this study was to determine if food is the route of current intake of TCDD into persons living in Vietnamese "hot spots."
Methods
The food for this study was collected in 2002 from the Bien Hoa market, the Bien Hung market, the Bien Hung Lake, and at the nearby air base where Agent Orange was stored. All are within several kilometers of each other.
Sixteen food samples were collected of free-ranging and cooped chickens, free-ranging ducks, pork, beef, fish, and a toad. The freeranging or "unbridled" chickens and ducks had the opportunity to roam and consume food from a relatively wide area compared with the cooped animals. Because fat is a delicacy in Vietnam, fat attached to flesh was sampled when possible. The food samples were frozen and then shipped frozen (on dry ice) from Vietnam to Hamburg, Germany, for analysis of selected persistent organic pollutants, the carcinogenic dioxins, dibenzofurans, PCBs, and other toxic chemicals. The uncooked food, muscle with fat, was homogenized and then analyzed. The entire toad was homogenized prior to analysis. The analytical methods for dioxins, which include high-resolution gas chromatography-high resolution mass spectrometry (HRGC/HRMS), which produce congener-specific results for low parts per trillion levels, have previously been described and are not repeated here. 17 ERGO Research Laboratory has successfully participated in various interlaboratory validation tests and is certified for dioxin, dibenzofuran, and PCB analysis in various human tissues by the World Health Organization (WHO). 18 Three of the samples were analyzed in a second WHO-approved laboratory in Freiburg, Germany to confirm the high levels of TCDD found in the ERGO laboratory.
Results
The results of the recent food analysis from Bien Hoa are presented in 7 tables and 1 figure. Tables 1 and 2 show dioxin, dibenzofuran, and PCB levels and total dioxin toxic equivalents (TEQ), a measure of total dioxin toxicity not only from TCDD, but also from other dioxins, dibenzofurans, and dioxin-like PCBs, of the 16 food samples from Bien Hoa. Tables 3 and 4 show the levels of hexachlorocyclohexanes (HCH), hexachlorobenzene (HCB), as well as DDT and its metabolites. Table 5 presents TCDD and total dioxin toxic equivalents as well as percent of the total TEQ from TCDD in each specimen. Table 6 presents the food data in TEQs on a wet weight and lipid basis. Table 7 compares the environmental and human data from Bien Hoa to that of Aloui Valley, another dioxin "hot spot," which was recently published. [11] [12] [13] Figure 1 presents the new food data in a graphic format for ease of visualization.
It can be noted in Tables 1 and 2 that TCDD, the dioxin characteristic of Agent Orange, varies on a wet weight basis from a low of 0.025 ppt in a pork sample to a high of 331 ppt in a duck, a 13,240-fold range. Total dioxin toxic equivalents vary from 0.11 ppt in the beef sample to 343 ppt in a duck, a 3118-fold difference. This finding is similar to that of a previous Vietnam investigation that found duck fat to be the food highest in TCDD [11] [12] [13] The 2 highest TCDD values, 276 ppt and 331 ppt, were found in free-ranging ducks. The fish Channa striata or snakehead, caught from the contaminated Bien Hung Lake, had the highest fish TCDD level and the third highest level of all food samples, 65 ppt. This fish sur-vives the dry season by burrowing in the bottom of lakes and subsisting on stored fat. The toad had the fourth highest level of TCDD, 56 ppt, and a free-ranging chicken the fifth highest level, 15 ppt. In this series, only 1 of 5 fish sampled had elevated TCDD, despite 3 of the 5 having come from the contaminated Bien Hung Lake. Penta-CDD is also elevated in some samples of chicken, duck, and the toad.
PCBs are sometimes quite elevated, as is the case for the 2 freeranging chickens (1 and 4; 14.9 and 8.5 ppt, respectively) and the toad (6.3 ppt). In Tables 3 and 4 , it can be noted that ␣-HCH varies from 2.3-129 ppt, a 56-fold range. ␤-HCH varied from 3.0 -846 ppt, a 282-fold range. ␥-HCH varies from 0.76 -215 ppt, a 283-fold range. Hexachlorobenzene varies from not detected with a detection limit of 4 up to 1391 ppt, a 696-fold range. DDT and its metabolites vary considerably: op-DDT from 1.9 -629 ppt, a 331-fold range; pp-DDT from 46 -44,722 ppt, a 972-fold range; pp-DDE from 305-149,409 ppt, a 490-fold range; and pp-DDD from 103-6513 ppt, a 63-fold range. Elevations are noted for many of these persistent organochlorines, and an extremely wide variation exists for dioxins, PCBs, DDT and metabolites, and also HCHs and HCB. Table 5 shows TCDD's contribution to the total TEQ fluctuates from 3.7-98.5% of the total TEQ. The TCDD range in fish is from 16.9 -98.5% of the total TEQ and in chickens from 3.7-31.3% of the total TEQ. Pork varied from 4.2-78% of the total TEQ from TCDD. Table 6 shows that the total TEQ on a lipid basis varies from 0.94 ppt in pork to 15,349 ppt in the fish, Channa striata or snakehead, the fish with the highest concentration of TCDD. Table 7 compares levels for TEQ on a wet weight basis for similar samples 
Discussion
This is the most recent Vietnam-U.S. collaborative dioxin research on food contamination, in a dioxin "hot spot" or heavily dioxin contaminated area, reported since 1990. 5, 6 Moreover, this is the most recent research to document contamination of Vietnamese food, duck meat, chicken meat, fish, and a toad, with 7 classes and 36 congeners of toxic chemicals, including TCDD and other dioxins. These chemicals can cause an increased risk of cancer, immune deficiencies, reproductive and developmental changes, nervous system damage, liver injury, elevated blood lipids, skin damage, and death. 2 When studying human health in Vietnam, it seems reasonable from the data presented here to consider the presence of dioxins not only from Agent Orange and other sources, but also PCBs, HCH, HCB, and DDT and its metabolites. Although the spraying ended over 3 decades ago, in certain areas of Vietnam food is clearly a present-day route of intake of dioxin from Agent Orange, as it might have been since the spraying began in 1962.
In an area of Vietnam where recent TCDD exposure occurred and 95% of humans sampled had high blood levels, up to 413 ppt and a median of 67 ppt, markedly elevated TCDD levels were also found in 6 of 16 food samples. 16 In this study, free-ranging ducks, some chickens, as well as one bottom-dwelling fish and a toad from Bien Hoa City had elevated TCDD levels. The variation in TCDD levels in food from the same geographic area is striking. This variation was also found in human blood, sediment, and soil from the Bien Hoa area 15, 16 Food, humans, sediment, and soil from Bien Hoa City show striking differences in levels of TCDD, despite taking samples from identical or nearby locations, which suggests problems in using environmental modeling approaches alone to estimate human exposure to Agent Orange and TCDD. Fixed-wing aircraft spray records have been recommended for exposure assessment of persons potentially exposed to Agent Orange with its TCDD contaminant rather than biologic measures such as congener-specific dioxin tissue analysis 19, 20 When considering environmental model approaches to exposure assessment, it is necessary to note that TCDD has different bioavailability in different soil matrices, so the presence of TCDD alone does not necessarily correlate with the absorbed dose. 21 The findings of Vietnamese scientists Quynh, Dai, and Thom suggest that sometimes TCDD from Agent Orange in Vietnam can migrate from the originally sprayed areas. Wind, rain, and floods were hypothosized to be responsible for this.
22
This study is the first to document current of TCDD from Agent Orange, sprayed 30 -40 years previously, in food eaten by Vietnamese people. It is probable that consumption of food is responsible for elevation of TCDD levels in persons living near the Bien Hoa City dioxin "hot spot." This study also appears to be the first to find markedly elevated PCBs in some Vietnamese food samples. The source of this class of pollutants is unknown and has not previously been documented in Vietnam. Possible sources of PCBs include electrical transformers or capacitors and hydraulic fluid used during the Vietnam or Second Indochina war. For health reasons, these potential sources of food contamination need to be characterized and removed if feasible. When evaluating adverse health effects from Agent Orange, the presence of PCBs, additional dioxins and dibenzofurans, as well as TCDD must be considered. The PCBs measured in this study are dioxin-like and add to TCDD's toxicity. Others, by different mechanisms, could sometimes cause toxic end points similar or different from dioxins. 23, 24 Total TEQ from polychlorinated dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), coplanar and monoortho PCBs (with dioxin-like TEQs) can raise the toxicity in many of these food samples significantly above that from TCDD alone, except where TCDD is extremely elevated. For these reasons, Agent Orange spray records alone do not necessarily reflect total dioxin-like toxicity measured in either Vietnamese people, Vietnamese food, or U.S. Vietnam veterans. 5, [11] [12] [13] 22 Biomonitoring, using congener-specific analysis of blood for dioxins and related compounds, markedly improves exposure assessment and is currently considered the "gold standard" for dioxin exposure by the U.S. Air Force, National Institute for Occupational Safety and Health (NIOSH), the Centers for Disease Control and Prevention (CDC), the states of New Jersey, Massachusetts, and Michigan, various universities, governmental agencies, Canadian researchers, and others. [11] [12] [13] [25] [26] [27] [28] [29] [30] [31] [32] [33] The finding that TCDD levels in animals from this one geographic area varies by up to 13,240-fold is further evidence that biomonitoring is essential in determining the actual exposure or tissue dose. Spraying records, however, remain useful for identifying general areas of potential exposure.
Substitution of food not significantly contaminated with dioxins and other toxic chemicals is highly desirable for those Vietnamese people potentially exposed. In rare cases, environmental remediation, although expensive and slow, might also be an option. Additional health surveillance and care is indicated for exposed persons, especially in Vietnam. The findings of elevated levels of DDT and its metabolites and the varying levels of HCB and HCHs noted in this study can also contribute to adverse health outcomes with or without the presence of elevated dioxins 7, 9 In Agent Orange studies of Vietnamese and Vietnam veterans from the United States or other countries, the adverse health consequences of these chemicals have not yet been taken into consideration. Public health work with a focus on dioxins and other chemicals needs to be continued and expanded for the sake of those for whom the etiologies of war connected pathology have been insufficiently characterized. 
